The Asiatic wild dog or dhole (Cuon alpinus) is an endangered, yet little-studied, species throughout its range in Nepal. We examined habitat selection and diet of the dholes by searching for dholes in the Dhorpatan Hunting Reserve (DHR), the only hunting reserve in Nepal, and developed a habitat selection model to determine their habitat preferences. We also collected anecdotal data on depredation events and attitudes toward the dholes from 89 local people. We collected each dhole scat encountered and conducted dietary analysis to calculate the percent frequency of occurrence of each prey item and to estimate the biomass consumed by dholes in the study area. The dholes used most habitat types and targeted a wide range of prey species and sizes, but avoided barren land, Juniperus spp.-and Abies spp.-dominated forests, and habitat under anthropogenic pressure. Eighty percent of the dhole's diet was represented by wild prey species; blue sheep (Pseudois nayaur) comprised 13.9% and livestock comprised 20% of the diet. The consumption of livestock has led to a negative attitude of local people toward dhole conservation. As blue sheep are the main trophy hunting species of the DHR, there is also the potential for competition between hunters and dhole, and other predators, for blue sheep. Our habitat selection model will be useful for estimating the probability of occurrence of this species within similar regions. These findings provide baseline information for authorities responsible for preparing conservation action plans for this species and managing the co-existence of humans and dholes within the reserve.
The Asiatic wild dog or dhole (Cuon alpinus) is an endangered species with an estimated population of 2,500 individuals in the wild (Durbin et al. 2008; IUCN 2012) . Dhole are native to, and distributed throughout, the south Asia region including countries such as Nepal, with unconfirmed reports from central and eastern Asia (Johnsingh 1985; Duckworth et al. 1999; Durbin et al. 2008; IUCN 2012) . The existing population has been declining due to habitat destruction, decline of prey populations, and disease transmission from domestic dogs (Durbin et al. 2008; IUCN 2012 ). Therefore, the dholes are recognized as a priority for conservation within many of the countries throughout their range (Venkataraman et al. 1995; Kharel 1997; Durbin et al. 2008) . Despite their endangered status, there have been relatively few studies of their ecology and distribution (Johnsingh 1985; Venkataraman et al. 1995; Duckworth et al. 1999; Durbin et al. 2008; Khatiwada et al. 2011) . Recent efforts to address gaps in our knowledge include exploration of the dhole's diet and landuse requirements within northern Laos (Kamler et al. 2012 ) and its distribution in Thailand (Jenks et al. 2012) . Information on dholes is also emerging from work on the status, habitat, and spatial distribution of large carnivores in India and Cambodia (Gray and Phan 2011; Gray 2012; Ramesh et al. 2012a Ramesh et al. , 2012b . Within Nepal, the dhole's existence has been confirmed in the Chitwan National Park and Kangchenjunga Conservation Area (Durbin et al. 2008; Khatiwada et al. 2011) . However, dholes' distribution within other areas of the country is still unknown.
The spatial distribution of a species is generally determined by availability of key resources such as food, water, and cover. Anthropogenic pressure and other environmental changes can have a negative impact on a species' distribution due to modification and loss of suitable habitats (Mac Nally and Brown 2001; Stuart et al. 2004; Lee et al. 2012) . Within this changing landscape, it is hard to manage any species without information on its distribution and ecology. Such information is a prerequisite for planning and developing species conservation strategies (Guisan and Zimmermann 2000; Halstead et al. 2010; Aryal et al. 2012a Aryal et al. , 2012b Aryal et al. , 2014 Lee et al. 2012 ). Very little systematic research has been conducted on the distribution and ecology of the dholes in Nepal (Thapa et al. 2013) . Therefore, our objectives were to determine the current status and distribution of the dholes, their habitat preferences, and their diet in the Dhorpatan Hunting Reserve (DHR), Nepal.
Materials and Methods
Study area.-The DHR is the only hunting reserve in Nepal. It is located in the Dhaulagiri Himal range of the western part of the country (Aryal and Kreigenhofer 2009; Panthi et al. 2012) . The DHR was established in 1983 and gazetted in 1987. It included 7 blocks designated by the Nepalese Government for hunting purposes. It covers 1,325 km 2 and ranges in elevation from 2,000 to 7,246 m above sea level. It falls within the Rukum, Baglung, and Myagdi districts of Nepal (Fig. 1) . The DHR supports 14 ecosystem types ranging from the mid-hill to higher Himalayan (Shrestha et al. 2002; Lillesø et al. 2005; Bhuju et al. 2007 Aryal et al. 2010a Aryal et al. , 2010b Panthi et al. 2012) .
Data collection and analysis.-Field surveys were carried out from 9 August through 24 October 2012 throughout 6 of the 7 blocks that make up the DHR (Fig. 1) . Elevations range from 2,500 to 5,000 m, and the survey area covers approximately 1,000 km 2 of the DHR. We searched for dholes and indirect evidence of their presence, such as scat, pugmarks, and kills along 438 km of wildlife-made trails and in all accessible areas adjacent to these trails within the 6 blocks of the DHR. Where signs or dholes were encountered, a "presence" point was plotted and another point called "available" was laid out in a random direction 200 m from the presence point to define habitat use (presence) and availability (available) according to Hall et al. (1997) . Distance between presence and random points was 200 m; however, if there were impassable obstacles in the random direction, habitat availability plots were placed at < 200 m. Habitat information was collected within 10 × 10-m plots around both presence and available points (Table 1) , a method commonly used in this region to measure habitat preference of a range of species (Aryal et al. 2012a (Aryal et al. , 2013 .
We used SPSS version 16.0 (SPSS Inc. 2008) to determine habitat selection of dholes using logistic regression with maximum likelihood (α = 0.05-Agresti 1996; Burnham and Anderson 2002; Manly et al. 2002) . Before performing the logistic regression, we conducted a correlation analysis between each of the variables. We then eliminated the variables that were strongly correlated (Spearman r 2 > 0.60) and then tested the maximum likelihood (Lee et al. 2012) . Habitat preference was estimated using the odds ratio value of each variable (i.e., 0 = avoided, 0-0.50 = less preferred, 0.51-1.0 = medium preferred, > 1.0 = highly preferred). We followed the method of Lee et al. (2012) to test which habitat variables were more likely to result in the occurrence of dholes. Akaike's Information Criterion (AIC) was used to choose the best model. We selected the model that had the lowest AIC value and the highest model weight (w = relative likelihood of each model-Bozdogan 1987; Lee et al. 2012) . During the course of the study, anecdotal data regarding depredation events and local attitudes toward the dholes were collected from local residents, including herders, > 40 years old (n = 89). We asked local people questions about dholes and their depredation patterns, including 1) How often did they encounter dholes? 2) How did they distinguish dhole attacks from those of other species? 3) Did they like dholes? and 4) Did dholes kill their livestock? If yes, how many did dholes kill within the last year?
Diet analysis.-We collected dhole scat encountered in the field for dietary analysis. Dholes are pack-living and the entire pack often shares prey remains from a single kill. These were identified based on the knowledge of local experts, villagers, and local herders and differentiated from those of other predators (e.g., jackal-Canis aureus, leopard, red foxVulpes vulpes) as described in Aryal and Kreigenhofer (2009). According to Ramesh et al. (2012c) , dhole scats are easily distinguished by their deposition pattern because they are found mostly in clusters (Fig. 2) .
Dietary analysis of scats was conducted following the methods used by Mukherjee et al. (1994) and Aryal and Kreigenhofer (2009) for leopard diet analysis and Aryal et al. (2014) for snow leopard diet analysis in the same region. From each scat, we randomly selected 20 hairs and compared their cuticular and medullary structures to those of reference hair samples following the identification methods described in Kreigenhofer (2009), Bahuguna et al. (2010) , and Aryal et al. (2014) . We then calculated the percent frequency of occurrence of each prey item (Aryal and Kreigenhofer 2009; Koirala et al. 2012) . Weaver (1993) reported that such calculation of frequency of occurrence does not represent the actual percentage of prey consumption by the animal because large prey may be underestimated and small prey overestimated. To correct for such errors, we used the correction factor equation developed by Weaver (1993) to estimate the biomass consumed by dholes in the study area: Y = 0.288 + 0.008x, where Y is biomass and x is the average weight (kg) of the prey species found in the scats. The average weights of different prey species were obtained from published literature (Prater 1971; Schaller 1977; Ackerman et al. 1984; Weaver 1993; Karanth and Sunquist 1995; Shrestha 1997; Koirala et al. 2012 ). We used chi-square analysis to test for differences in proportion of different prey items in the dholes' diet.
Results
Habitat factors.-The dholes were not evenly distributed in the 6 blocks of the DHR (Fig. 1) . We observed 2 packs and a single dhole during the study period: 3 individuals in a pack in the Fagune block, 1 individual in Ghustung block (Fig. 2) , and 7 individuals in a pack in the Barse block. Habitat variables within 184 dhole presence plots (n = 92) and available plots (n = 92) were measured for habitat modeling (Table 2 ). Dholes and their signs were mostly encountered within forest habitat and at higher elevations (> 2,500 m) in the DHR. However, elevation was not a significant habitat feature (χ 2 91 = 1.96, P = 0.176).
Dholes selected sloped land 1.1 (odds ratio/Exp(B)) times more than cliff areas. The factor may be reasonably expected to help dholes find prey and hide from predators (Table 3 ). There were no significant differences between other habitat variables and therefore dholes randomly selected habitat features such as slope, aspect, cover type, ground cover, and land variables such as wilderness and areas burnt by fire (P > 0.05; Table 3 ). However, dholes were found to avoid barren land and forests, where the major tree species were Juniperus spp. or Abies spp., and avoided areas affected by anthropogenic influences, such as hunting and forestry. The presence of prey was shown to be important, and dholes selected habitat with prey such as blue sheep, serow, and musk deer (Moschus spp.) 1.7, 10, and 0.2 (odds ratio/Exp(B)) times, respectively, more than locations with other prey types.
Overall, we used 12 different models to explain habitat selection or presence of dholes in the DHR (Table 2 ). The bestfit model (model 11; AIC = 30; w = 0.23; Table 2) included slope, major tree and shrub species, distance to water, and prey presence as variables affecting habitat selection by dholes (χ 2 15 = 32.26, P = 0.006; correctly classified 89.4%). The bestfit model equation was: log(µ) = 38.84 − 2.262 (land feature) − 25.458 (major tree) − 6.170 (major shrub) − 2.233 (distance from water) − 1.211 (presence of prey), where µ is the vector of the presence of the dhole (Table 3) . Dholes did not select habitat close to livestock shelters, but randomly used the livestock grazing areas; therefore, dholes probably killed livestock that they encountered during grazing time, but they did not deliberately travel to the shelters to kill livestock. Encounters with dholes during the livestock grazing period increased the probability of livestock being depredated by dholes (Table 3) .
According to local people and park staff, dholes were present in all blocks of the reserve, but they (> 91% of local respondent) believed that they were most abundant in the Ghustung, Dogadi, Seng, and Sundaha blocks. All herders we interviewed had a generally negative attitude toward this species. Local herders reported that dholes killed 3 cows and 13 goats from July through August 2012 in the Barse block. Moreover, herders believed that on average more than 50 livestock/year were killed by dholes in the DHR alone. Local respondents (> 79%) reported conducting retaliatory killings of dholes and using poison to eliminate dholes and any other predators perceived to be problematic. Diet analysis of dhole.-Diet analysis showed that the dholes are a generalist carnivore and the biomass consumed ranged from < 1% to 23%; wild boar was the highest (23%), followed by barking deer (15%), musk deer (14.8%), blue sheep (13.9%), goral (13.7%), and pika (Ochotona himalayana; < 1%). Only 13% of the biomass consumed was from livestock (cattle and goats). Although no single species dominated the dholes' diet, ungulates comprised the majority of their biomass intake (χ 2 8 = 0.92, P > 0.05; Table 4 ).
Discussion
Our study presents the first insights into habitat selection by the dhole in the DHR, Nepal, where the species has been unconfirmed since the 1990s (Durbin et al. 2008) . We not only documented the presence of dholes in the reserve but also recorded that dholes regularly kill livestock in this region resulting in human-dhole conflicts. Scat analysis revealed that 18% of the dholes' diet was represented by livestock (including cattle and goats), and the habitat selection analysis showed that dholes randomly used pasture land, which increased encounter rates between livestock and dholes, thus resulting in human-dhole conflicts (Thinley et al. 2011 ). Thinley et al. (2011 found that consumption of livestock by dholes in the Himalayan Mountains is seasonal, based on the seasonal movement of livestock by the herders; therefore, we also assumed the same in our study area where livestock were moved seasonally and based at lower elevations during winter seasons and higher elevations during summer seasons.
Local herders used poison to kill predators such as dholes to combat livestock depredation. However, this antipredator action was not only targeting dholes, as dholes are known to spatially overlap with other large carnivores such as the leopard (Jenks et al. 2012; Ramesh et al. 2012b) . Other predators in the reserve also contribute to livestock depredation in the region (Aryal and Kreigenhofer 2009; Aryal et al. 2010b) . Similar human-dhole conflict problems are known from other countries within the range of dholes' distribution (Johnsingh 1985; Duckworth et al. 1999; Wang and McDonald 2009; IUCN 2012 ). For instance, Wang and Macdonald (2009) recently reported the killing of dholes by poisoning in Bhutan and also recorded negative public perceptions toward this species. Such conflicts present a major challenge for conserving dhole populations, and it is important that these issues are resolved because once a population becomes locally extinct, it is hard to re-establish (Van Dyk and Slotow 2003) . Initiatives such as local-level conservation education programs should be implemented to change the attitudes of local people toward dhole conservation.
The killing of predators through poisoning has important ecological consequences. For instance, it has previously been found to result in an increased abundance of wild boars in other regions of Nepal (Aryal and Kreigenhofer 2009 ), and we expect that this also likely occurs within the DHR.
The DHR is the only hunting reserve allocated for trophy hunting in Nepal, and the main trophy hunting species is the blue sheep (Aryal and Kreigenhofer 2009 ). Our results confirmed that the blue sheep is a prey species of dholes, contributing 14% of their diet. Similarly, Harris (2006) recorded that dholes killed blue sheep in China. Therefore, management authorities need to consider this issue before allocating the quota for hunting blue sheep and should also consider that there are other predators depending upon blue sheep (Aryal and Kreigenhofer 2009) .
In our study, we provide information on habitat selection and prey species of dholes in an effort to inform the management about this population, as an understanding of habitat requirements and feeding ecology is a prerequisite factor for creating effective management policies (Kharel 1997; Aryal et al. 2014) . Without an understanding of habitat and prey requirements and species' relationship with humans, it is difficult to manage the species on a large scale (Kharel 1997; Wegge et al. 2009; Aryal et al. 2014) . Our findings confirmed that the dholes use most of the habitat randomly and targets a wide range of prey species and sizes, as well as livestock. Although dholes did not favor a single prey species, according to Kamler et al. (2012) , ungulates comprised the majority of prey biomass. The success of the pack hunting strategy used by wild canids, such as African wild dogs, does not depend on the availability of cover or on the size of the prey group, but on the age of the prey and the size of the hunting pack, with single dogs killing immature and old or sick animals, and larger packs subduing larger prey (Fanshawe and Fitzgibbon 1993) . Our habitat selection function model revealed that habitat variables such as slope, prey availability, forest type, and distance from water explained the occupancy and distribution of dholes and this information can be usefully applied to similar landscapes in Nepal and elsewhere. Thus, the model we developed can be used to estimate dhole presence and site suitability. This study provided basic information on dholes, their current status in the DHR, and their habitat selection pattern in the reserve, which will be useful in the preparation of species conservation action plans and to manage the coexistence of people and dholes within the reserve. Similarly, further detailed ecological research on dholes and their distribution pattern throughout Nepal should be undertaken.
